Summary: This paper examines the biodiversity of vascular plants in the vast boreal forest area of the southern Cordillera of western Canada. It was glaciated until 11 ka, and since then, vascular plants have had difficulties colonizing the deglaciated areas from the surrounding refugia. Problems include the topography, the comparatively inhospitable climate, limited source areas, natural wildfires, and fluctuations in climate. As a result, the forest consists of up to 494 species of vascular plants at any one site compared to 871 species at Mount Rainier, Washington State. For comparison, 2,993 taxa have been reported from British Columbia indicating the limited colonization that has occurred. European Man has added to these problems by increasing fire frequency and by extensive, repeated logging of large areas. A limited amount of intensive irrigated agriculture also occurs near southern rivers and lakes. The end result is a limited range of species, of which 30% are regarded as rare or endangered. The consumers of the resulting biomass are therefore also limited in their food supply. 
Introduction
The boreal forest is the largest ecosystem in Canada, and occupies about 60% of the landscape in Alberta and British Columbia (Fig. 1 ). Of this, some 45% is found in the Cordillera, mainly south of the 56 th parallel. It extends across 25º of longitude and 15º of latitude. In contrast, Germany occupies 6º of latitude and 7º of longitude, although it is one of the largest countries in Europe.
The area of the Cordillera with boreal forest shows a marked east-west climatic gradient, together with abrupt climatic divides (Fig. 1) . It was also completely covered in ice during the Late Wisconsin glaciation, so that the present-day vegetation has had to migrate into the vast area during the last 11 ka. This paper explores the resulting biodiversity of the vascular plants, the natural causes of the pattern, and probable effects of climatic changes. Since the bulk of the human population in the mountains is located south of the 53 rd parallel, this also provides the opportunity to explore the effects of different kinds of land use on this natural ecosystem. This paper summarizes our present knowledge of the resulting changes in biodiversity.
Past work
The sheer size of the area and the limited access in much of northern British Columbia have caused severe problems for Biogeographers. The Biologists and Biogeographers based at the University of British Columbia in Vancouver have carried out numerous studies aimed at defining biogeoclimatic zones. This involved using 2 x 2m plots in limited areas and then tracing the distribution of those areas with special characteristics across the landscape using soil maps, climatic data and remote sensing techniques. Thus HoefS et al. (1975) carried out a detailed study of the 32 plant associations on the south-east slopes of Sheep Mountain in the southwest Yukon Territory. These detailed studies gave excellent information on the plant associations found in the study area, but those associations do not provide a ready and clear source of information on species diversity or distribution in other areas where the plant associations are mapped. This system was devised by V. J. Krajina and has been refined by the B.C. Forest Service using additional field work to produce the currently used version (Pojar et al. 1987) . It is this system that is used in atlases and as a broad summary of the biogeoclimatic zones, and the system has since been applied across the rest of Canada.
While these studies were going on, vascular plants were being collected and identified from across the Province, and a central data bank was developed at the Provincial Capital in Victoria. This has been developed, computerized and summarized in the latest 8-volume Flora of British Columbia under the leadership of G. W. DouglaS (see for example, DouglaS et al. 2002b ). This indicates that British Columbia has one of the most diverse vascular floras in Canada with at least 2,993 taxa, but detailed examination of the distribution maps of individual species shows that many have a very limited area of occurrence. DouglaS et al. (2002a) concluded that at least 30% of the species of vascular plants are rare or endangered. A similar conclusion had also been reached in a parallel study in Alberta (KerSHaw et al. 2001) .
In terms of the species diversity classification of wHittaKer (1972) , there are four biomes present (gamma diversity) of which we shall be dealing with only one, viz., the forest (Fig. 2) . In the Cordillera, this can be subdivided into the coastal rain forest and the very extensive montane boreal forest of the interior. The latter can be subdivided into six main ecoregions (delta diversity), based on the dominant tree species, but as indicated in Appendix A, these exhibit tremendous variability in the species that are actually present (beta diversity). There is also an exceptionally low species diversity at any given place. It is the purpose of this paper to examine this species diversity in the montane boreal forest of the Canadian Cordillera and to try to determine the causes of its unusual characteristics.
Methodology
Over the past 35 years, the author and his students have been carrying out studies of permafrost distribution and the associated landforms in the Canadian Cordillera. In addition, detailed studies have been made of the effects of fire (HarriS 1976) and snow avalanches (winterbottom 1974; CHernoff 2001) . As part of the work, detailed plant collecting and identification has been carried out in the key study areas. This involved collecting through- out the flowering season so that the succession of flowering plants at each site was adequately sampled. Sometimes 2 x 2 m plots were used, but it was found that collecting all the species present on the side of a mountain, noting their altitude and ecology, was more effective. In this way, detailed lists of plant distribution by biogeoclimatic zone could be produced for these sites. Other researchers at the University of Calgary have pursued the fire studies so that we now have a good idea of fire frequency and its effects (e.g., joHnSon a. larSen 1991; joHnSon a. miyaniSHi 1991), while others have tackled the problems facing the larger mammal populations as the southern part of the region becomes more intensively used by Humans (Paquet 1993; alexanDer a. waterS 2000) .
Similar detailed studies of the species present at key locations have been carried out by other workers, mainly in the National Parks, e.g., Mount Revelstoke (aCHuff et al. 1984; aCHuff a. DuDynSKy 1984) and Mount Rainier (bieK 1999), and these are now sufficiently numerous that they can be used to provide a first look at the highly impoverished floras that are found across the slopes of the formerly glaciated mountains. These floras are in sharp contrast to the relatively rich floras of the Alps that show only limited species diversity across the area.
It is clear from this, that to properly understand the causes of the poor species diversity in the montane boreal forest, it is necessary to examine all the potential factors including the sources from which the vascular plants could have entered the vast formerly glaciated area in order to recolonise it. In the case of the Alps, the plants had to merely follow the retreating glaciers, but in the Cordillera, an area approaching four times the size of Germany had to be revegetated in a mere 11 ka from sources up to 1,600 km away and living under very different climatic conditions. Accordingly, the following discussion will be primarily descriptive rather than dealing with biodiversity statistics.
Present-day species distribution
Appendix A shows the species present in the montane boreal forest at nine locations, while the relevant climatic data for these sites will be found in table 1. The total numbers of taxa identified at these sites is 1,027, representing 34.3% of the flora of British Columbia. However it also includes some species primarily found on the eastern side of the Cordillera on the mountains in Alberta. Considering that the montane boreal forest is only one of four biomes present in British Columbia, the sites collectively have an appropriate number of taxa present.
When the data are examined more closely, the paucity of taxa at many of the sites becomes apparent. leSSiCa (2002) found 1,132 species of vascular plants in Glacier National Park, Montana (latitude 48º 45' N), on the southern margin of the formerly glaciated zone. However, the numbers decrease dramatically when traced northwards. At wet sites within 250 km of the former ice margin, up to 494 species are found representing 48% of the total numbers of taxa at the nine sites (Glacier National Park, British Columbia and Sunshine Ski Resort in Banff National Park). Northwards, the numbers drop dramatically to a low of 109 species (10.6%) in north-central British Columbia. Further north, the numbers start to rise, culminating in 172 species at Kluane Lake on the margin of Beringia. Thus the beta diversity is very low compared with other parts of the world.
Only three species (White Spruce, Picea glauca (Moench.) Voss, Canadian Buffaloberry, Shepherdia canadensis (L.) Nuttall and Labrador Tea, Ledum groenlandicum Oeder) were found at all nine sites. However, 325 taxa (31.6% of the taxa in Appendix A) were only recorded at one of these sites. This percentage is very similar to the percentage of rare and endangered species in both Alberta and British Columbia (KerSHaw et al. 2001; DouglaS et al. 2002a ). This emphasizes the extreme variability of species in addition to their limited numbers in many parts of the montane boreal forest.
The vertical distribution of species is known for the Alberta and Yukon sites, and also shows some anomalies. At Sunshine Ski Area in Banff National Park (Fig. 3) there is a marked reduction in species richness with altitude, as is found in studies in the Alps and Hindu Kush (breCKle 1981; agaKHajanz a. breCKle 2002). However, at the other sites the number of species changes little with altitude, and this is also true for the boreal forest at Kluane Lake in the southwest Yukon Territory.
Evolution of this pattern
Under natural conditions, this species distribution would be the result of several interacting factors, viz., the difficulty of revegetation after deglaciation, climatic and topographic controls, and the effects of fire and snow avalanches. Superimposed on these are the activities of Man, the most important of which is the lumber industry.
Revegetation after deglaciation
Almost the entire area occupied by the boreal forest in the mountains (some 1,600 km in length and 800 km wide) was covered by the Late Wisconsin ice sheets (PreSt et al. 1968; PreSt 1969) , so that the present-day boreal forest vegetation has had to spread into the area during the last 10-12 ka from either the unglaciated areas to the south, from Beringia (HarriS 2004), or from local refugia such as the Queen Charlotte Islands (CalDer a. taylor 1968) and Plateau Mountain, south-west Alberta (HarriS 1997) . The belt of alpine tundra on the mountains that extend east-west across northern British Columbia limited the extent of large-scale colonization of the deglaciated slopes from the north (see Fig. 1 ) except during the climatic optimum, and is the reason for the increase in species diversity at Summit Lake compared with Pink Mountain (see Appendix A). The species diversity of the montane boreal forest in the southern Yukon Territory has even greater species diversity owing to its proximity to Beringia (HarriS 2004) .
There was revegetation of the eastern slopes of the Rocky Mountains from Plateau Mountain and Montana, with some species crossing through passes into eastern British Columbia from the boreal forest in the lowland to the east. The Queen Charlotte Islands provided one source for the vegetation along the western slopes of the Coastal Ranges, but the only places where they could cross into the interior plateau were where major rivers cut deep valleys through the mountains. An example of the results would be the distribution of Western Red Cedar (Thuja plicata Donn ex D. Don) that entered central British Columbia via the Prince Rupert-Kittimat and Fraser valleys (HebDa a. matHeweS 1984) .
Limited revegetation took place from the refugium in the vicinity of Plateau Mountain, with some species migrating as far west as Revelstoke, e.g., Erigeron aureus Greene. Once again, the limited number of low passes through the mountains limited the effectiveness of this source, while the absence of calcareous bedrock west of Revelstoke would also have limited the westward migration of the calciphiles.
The main revegetation had to be achieved by species from the refugia to the south. Although there are large numbers of species in Oregon, Washington and Idaho, e.g., 1,150 species on Steens Mountain, Oregon (manSfielD 1999) and 871 species in Mount Rainier National Park (bieK 1999), the majority are adapted to hot, dry summers and cannot tolerate the moist but colder conditions found in areas of boreal forest. As a result, only those species that are particularly plastic in ecological requirements could migrate across the long distances needed to colonize the deglaciated areas. The colder temperatures to the north undoubtedly also play a role in the reduction of species abundance at higher latitudes (see Tab. 1). Whether any species are still migrating into and across the deglaciated area remains to be established.
In the Flora of North America, the interior montane zone from southern Yukon to New Mexico is mapped as one floral zone (barbour a. CHriStenSen 1993, 98, Fig. 5 .1), however the climatic and vegetational history of the montane boreal forest in Canada is fundamentally different from the montane forests on the mountains to the south. During the Pleistocene, the climate to the south did not provide enough snow to produce substantial glaciers. As a result, vegetation survived in the area, even though the life zones would have migrated downwards in elevation and south with latitude as the climate became colder. New species were evolved on each major mountain block and species diversification was largely uninterupted. In the areas of widespread glaciation in the mountains of western Canada, the vegetation was completely removed and the area has had to be revegetated after the ice sheets had melted, just like the boreal forest of the adjacent plains to the east (riley 2003). 
Climatic controls
Climate is a major limiting factor, and is closely related to topography (Fig. 4) . The Coastal Ranges are warm and extremely wet due to the westerly moisture-bearing winds depositing copious amounts of moisture throughout the year on their western slopes. As the air moves eastwards, it descends onto the central plateau, and the precipitation drops dramatically, while the mean annual air temperature decreases. The mean annual precipitation at Tofino on the west coast of Vancouver Island is about double the highest values elsewhere, hence the temperate rain forest there. Precipitation is least on the deep valleys floors of the B.C. interior, which also have the highest numbers of degree-days above 10 ºC. This explains the steppe grasslands with scattered Ponderosa Pine trees (Pinus ponderosa P. Laws. ex C. Laws.) along its margins that have spread northwards from the dry areas of eastern Washington and Idaho. On the mountain slopes to the east is found the boreal forest characterized by less than 1,100 degreedays above 10 °C, variable precipitation of less than 1,000 mm/a except on the higher mountain ranges, and progressively lower mean annual temperatures to the east and north.
The The boreal forest has been traditionally divided into an upper subalpine (Hudsonian) zone characterized by coniferous forest, and the lower mixed forest (Canadian) zone in which deciduous trees are present. On the eastern slopes, the deciduous tree species consist mainly of Balsam Poplar (Populus balsamifera L.), Trembling Aspen (Populus tremuloides Michx.), and Black Cottonwood (Populus trichocarpa Torr. and A. Gray), but the Balsam Poplar is absent in British Columbia (farrar 1995). Western White Birch (Betula papyrifera Marsh) and Water Birch (Betula occidentalis Hook.) are found throughout the area at low elevations.
The species diversity in the shrub and herb layers tends to be related to the diversity of the upper tree canopy. All species must be able to cope with an annual mean daily temperature variation of 60-80 °C in the south, and this increases northwards and eastwards (HarriS 1989, Fig. 1 ). The maximum annual mean daily temperature range recorded so far is at the foot of the mountains east of Summit Lake, British Columbia (40 °C to -67 °C). The effects of the winter cold are partially offset by the deeper snow cover on the western slopes of the mountains, e.g., the Selkirk Range and at Sunshine Meadows, so that greater biodiversity is found there. Moisture conditions are particularly important, and the early Holocene in central British Columbia was a time of drought (alley 1976; ryDer et al. 1991) . HarriS (2003) suggested that the HawkLeaved Saxifrage (Saxifraga hieraciifolia Waldst. and Kit.), normally found in the arctic tundra, migrated north from Washington State into central British Columbia at the lower boundary of the boreal forest where conditions were more suitable for its survival. Subsequently the determination of the specimen on which this was based has been changed to Saxifraga integrifolia Hooker, a very similar species. This raises the question as to whether they have evolved from a common ancestor by genetic drift.
The effects of increased moisture are also seen in table 1 and figure 3, where Sunshine ski area has much greater biodiversity than the other, drier Alberta stations. As such, it is acting as a refugium for the species that need more moisture than is currently received elsewhere on the eastern slopes of the Cordillera.
Effects of fire
Fire has always been a factor affecting the distribution of vegetation due to the frequent dry lightening strikes during late spring and early summer. Forest fires can be divided into two kinds, viz., crown fires and ground fires. The former scarcely affect the organic layer on the surface of the ground, whereas ground fires remove the upper organic soil horizons and also destroy the parts of the vegetation above ground. Thus a crown fire may kill the tree layer but spare the shrubs, herbs, and organic layer of the soil. Ground fires will kill any plants that do not have deeply buried rhizomes, corms, bulbs or underground stems, and will burn the soil organic horizons. Examples of typical plants that survive fires are several deep-rooted shrubs (Menziesia ferruginea J. E. Smith; Shepherdia canadensis (L.) Nuttall, lilies (Fritillaria affinis (Schultz) Sealy var. affinis; Erythronium grandiflorum Pursh.), and some orchids (e.g., Calypso bulbosa (L.) Oakes). Fire also opens the cones of the Lodgepole Pine so that it is one of the first species to reappear after fire. Douglas Fir and Ponderosa Pine have a particularly thick bark, which protects the larger trees from ground fires.
joHnSon and miyaniSHi (1991) discussed the effect of fire on the population dynamics of the coniferous boreal forests. A forest fire greatly decreases the biodiversity of an area. In the case of the Vermilion Pass Fire in 1968, only 21 species of vascular plants had reappeared after the first seven years (HarriS 1976) . After 33 years, the Lodgepole Pine forest was tall enough to provide a suitable habitat for 69 vascular species, as well as 6 species of mosses and 6 lichens (CHernoff 2001). Dubé (1976) reported about 14 species of vascular plants in 55 year-old Lodgepole Pine stands, and 19 species in stands 120 years old when the stands of the Spruce-Fir secondary climax forest had replaced the pine forest. In stands over 235 years old, there were 20 species of vascular plants with considerably increased numbers of bryophytes. Many of the actual species present change with time as the stands age, but the actual number of species present does not change appreciably. Thus the effect of fire is to create a temporary gap in the distribution of many species characteristic of the climax forest, but provides a temporary, sunny microenvironment for other species in the sere. Thus there is a constant migration and colonization occurring within the montane boreal forest, and only those species that can readily carry out this recolonization will be commonly found in a given area. This is at least partly the reason for the patchy distribution of vascular plants in the Cordillera, and greatly complicates any migrations northwards that may be occurring.
Fire frequency is particularly important. Fires are almost unknown in the wet coastal rainforest as at Cathedral Grove, but almost all the montane boreal forest has been burned at some time during the Holocene. Fire frequency reaches an average of once every 90-120 years in the boreal forest on the eastern slopes of the Rocky Mountains (maSterS 1990; joHnSon a. larSen 1991), so that examples of the mature stage of the secondary sere are relatively rare. It is a similar situation in the mixed forest of central British Columbia, in contrast to the wetter forests of the western slopes of the Selkirk Range near Revelstoke where 500 year-old Western Red Cedar trees are common in old growth stands, e.g., Giant Cedars, Mount Revelstoke National Park. Fire frequency reaches a peak in the parkland adjacent to the arid steppes, and in the boreal forest of the southeast of the Yukon Territory.
Well-known consequences of fire include increased soil erosion, runoff, and sediment yield, which affect the rivers downstream, causing increased flooding and erosion of stream banks. The amount of erosion depends on the techniques used in removing the timber. Left to nature, the trees gradually fall down while revegetation occurs. Under current forest practice, the burned timber is harvested for lumber leaving bare ground. Patch cutting results in increased sediment yield (freDeriKSen 1970), but permits natural regeneration. Clear cutting results in less erosion, but unfortunately, rapid natural regeneration of the forest is almost impossible due to lack of seed sources. Moisture in the bare ground decreases, although there may be a greater snow accumulation in small openings in the forest. Bare soil is much more inhospitable as a seed bed for forest rejuvenation, and since Lodgepole Pine does not grow at tree line, fire results in a temporary lowering of the timberline (KuCHar 1975) . Thus the trees in the upper 100 m of the montane boreal forest at Marmot Basin Ski Area, Jasper, are all under 100 years old.
The vascular plants in the boreal forest represent the primary producers for the entire ecosystem. If it is appreciably altered, then the consumers such as land snails and insects will tend to die off, reducing the food for the secondary consumers. Thus fire creates major problems for large parts of the ecosystem. Although land snails had colonized the ecosystem soon after the vascular plants moved into the region (HarriS a. PiP 1973; HarriS a. HubriCHt 1982), there is evidence that some of the species of snails collected about a century ago are now extirpated (forSytH 2004) . This is undoubtedly primarily due to loss of habitat.
Snow avalanches
Snow avalanches are common on the over-steepened slopes of the interior mountains. Half the annual precipitation may fall as snow, e.g., Revelstoke receives about 10 metres of snow each winter. Snow avalanches cut open swaths down the mountain slopes, carrying with them everything in their path. This includes soil and seeds, which are deposited in the run-out zone. This results in exceptional species diversity in these zones at the base of the mountain slopes (winterbottom 1974), resulting in a temporary increase in species diversity at lower elevations. This may be the cause of similar numbers of species at different elevations at some sites (Fig. 3) . If there are no more avalanches on a particular slope, the forest will invade the open area, so that the only evidence of the former avalanche tracks are the mixed up soils and the even-age of the tree stands. In these stands, the only species to survive are those in the adjacent forest. There is photographic and tree-ring evidence for this process having been of widespread occurrence since 1900 A.D. due to a marked decrease in winter precipitation.
Snow avalanches modify the local microenvironment by altering the growing season and the available water in the run-out zone. Once again, the smaller openings in the forest may be the locus of increased snow accumulation. Measurements also show that the mean annual air temperature is about 1 °C lower in the clearing compared with the surrounding forest, and there is increased evaporation of moisture (HarriS 1976).
Effects of Holocene climatic changes
The climate is always fluctuating, and there are changes occurring at different time scales. maCDonalD (1987) discusses the postglacial development of the subalpine-boreal ecotone. Tree rings at sites where temperature is the limiting factor have increased from an average of 0.5 mm about 1800 A.D. to about 2.5 mm today (allen 1982). Maximum tree ring width occurred in [1942] [1943] , and this is consistent with mean annual daily air temperature measurements, which indicate that the mean annual air temperature at tree line is decreasing slightly south of Calgary (HarriS 1995) . Evidence based on long-term climatic monitoring, coupled with mapping of the lower limits of the alpine vascular species on Plateau Mountain and on adjacent higher peaks in southwest Alberta indicate that there was a maximum increase in mean annual air temperature during the Altithermal period of 2 °C (HarriS 2002).
Moisture is more important than temperature in the continental climate in southeast Alberta. The last Neoglacial ice advance was the most extensive in the last 11 ka, yet does not show in the tree rings at temperature sensitive sites. The current retreat of the glaciers is continuing in spite of the cooling air temperatures. It can therefore be inferred that the precipitation increased during the 19 th century, and has now decreased substantially. This helps explain the evidence for much more extensive snow avalanches in the very recent past (winterbottom 1974).
These changes are not necessarily unusual during the Holocene. Tree trunks coming out of the front of the glaciers and dating at 8-9 ka indicate that tree line has been at least 200 m higher in the Holocene (luCKman a. Kearney 1986), while the disjunct prairie vascular plants in the Peace River and southern Yukon indicate that it has been much warmer and drier than now earlier during both the Holocene, e.g., during the Hypsithermal event (Strong a. HillS 2003), or possibly during an earlier interglacial event (HarriS 2007) .
The western boundary of the montane boreal forest is controlled by topography and is relatively stable, in contrast to the dynamic eastern and southern borders. A decrease in precipitation or increase in temperature will decrease species diversity and cause the forest boundary to retreat away from the dry area. Increased precipitation would cause the boundary to expand outwards, forest fire frequency would be reduced, and species diversity would increase.
The controls on timberline are poorly known, but most timberlines exhibit an uneven upper front. The semi-circular patches of trees look suspiciously like areas of so-called krumholtz that have expanded and grown into a forest when conditions became suitable. The oldest tree in the forest 100 m below timberline at Marmot Basin, Jasper appears to be about 100 years old, suggesting a recent advance in elevation of the timberline. The forest is gradually infilling the open areas between the clumps of trees. Since isolated trees can be found up to 200 m above timberline at Sunshine, it appears as if the timberline is not fully in equilibrium with the present climate, but may be slowly advancing upwards when conditions are right. As noted previously, fire depresses the timberline temporarily, and the changes noted above may well be a slow response to depression of the timberline resulting from past fire events. Thus the elevation of the timberline in this region cannot be safely used as an indicator of past climate.
Land use
The most important factor affecting biodiversity since the arrival of the Europeans is the use of the forest. Many of the present-day settlements in the interior of British Columbia are dependent on the logging of the forests to provide cheap pulp and paper or wood for the construction industry. Much is exported, while some trees are cut for firewood. The limited number of tree species makes the montane boreal forest ideal for the timber industry. This is also aided by the fact that some of the trees are hardwood, e.g., the Douglas Fir and the Hemlocks, while the timber of the Western Red Cedar resists rot and is poisonous to most animals. Most of the southern half of the boreal forest has been cut over several times, and old growth forest is rapidly becoming a rarity. Using remote sensing techniques and field data, franKlin (2001) concluded that the present rate of use of the forest resources is unsustainable. When there is no more timber suitable for use, the mills close and many settlements become ghost towns.
The coniferous species are preferred by the timber industry, so where there is selective cutting, the deciduous trees tend to take over, unless there is replanting of seedlings. In the latter case, the seedlings will be of species that the owner of the forest lease regards as desirable and quick growing. They change the forest into a virtual plantation, which alters the microenvironment for the native species trying to move back into the area. Since the supply of old growth timber is almost exhausted in many areas, the second growth timber is exploited as soon as it reaches a useable size. Once again, the deciduous trees can move in, but the herbs are seriously depleted. By the time a third logging takes place, coniferous trees have almost disappeared. Thus in southern British Columbia, the distinction between the subalpine and mixed forest zones has become difficult to apply, and the logging greatly adds to the patchy distribution of even the most common species. The deciduous forest provides a more suitable environment for most ungulates, but unfortunately the rare Rocky Mountain Caribou (Rangifera arcticus fortidens Hollister) require the lichens found in old growth coniferous forests. Since the forest industry is vital to the local economy, the situation is likely to get worse until the mills are closed through lack of suitable timber. By then, the forest may have lost a considerable proportion of its original biodiversity. Whether this can be restored from the generally small Provincial Parks scattered through the Province remains to be seen, but a recent publication from Glacier National Park (B. C.) suggests that this is unlikely, and also will be too late to save the Caribou (Hall 1999).
Where there are settlements, fire frequency increases dramatically. Even the indigenous peoples cause some forest fires, though they tend to be more respectful of the environment. 
Additional factors
There are many other human factors, such as the mining industry, agriculture, recreation, housing, etc., as well as the effects of the plants on each other and on the substrate. The soils along the Rocky Mountains and the Selkirk Range tend to contain up to 30% calcium carbonate, which buffers them, preventing them from becoming too acid. However the soils further west are developed on non-calcareous rocks and are therefore more vulnerable to acidification. The high mean annual precipitation adds to the problem.
The widespread use of herbicides along roadsides together with pesticides around settlements, are also potential causes of decrease in species diversity in these areas. Invasions of pests such as the pine bark beetle destroy individual pine trees or large patches in the otherwise healthy forest, resulting in the trees falling down, and causing the forest to regenerate in the resulting open areas. The pine bark beetle is being particularly devastating in the Lodgepole Pine plantations established by the Forest industry. The deciduous trees may be attacked by tent caterpillars, which can consume most of the young leaves in a particular year. However, in this case the trees usually recover.
In southwest Alberta, the eastern slopes of the Rocky Mountains are also used for the grazing of cattle as summer pasture. The cattle tend to graze mainly at lower elevations, and may over-graze the shrubs and herbs in dry years. They also eat the young shoots of regenerating White Spruce trees. Once the timber has been removed for lumber, the resulting open areas become very important for feed for livestock at the expense of the forest. The ranchers may introduce new species of plants, e.g., legumes and grasses, so the ecosystems are changed. Trembling aspen is replacing balsam poplar in the open areas, probably partly due to its greater ability at suckering (buCKman a. blanKenSHiP 1965), and partly due to the loss of the bison that used to roll in the aspen and destroy the suckers (CamPbell et al. 1994) . Ungulates benefit at the expense of the forest-dwelling animals, e.g., cougars (Felix concolor missouriensis Goldman), and porcupines (Erethizon dorsatum nigrescens Allen).
In the Ponderosa pine-grassland areas of the drier parts of the central plateau of southern British Columbia, ranching is also present, but the ranches are very extensive, and there is comparatively little damage done to the biodiversity. However, near settlements, hobby-farming, and small acreages are eating into the steppe. Where water is available from rivers or lakes, intensive fruit-growing and vineyards occur, resulting in the complete changing of the landscape, e.g., in the Okanagan Valley. More recently, intensive ginseng growing operations have appeared along the South Thompson River valley east of Kamloops, but these can only be used for a single crop before the land reverts to irrigated hay crops. However, these irrigated lands grow mainly introduced grasses.
Finally, major transportation routes such as roads and railways cross migration routes of the larger mammals, resulting in high mortality rates (alexanDer a. waterS 2000). This is putting the grizzly bear (Ursus arctos Merriam) at risk of extirpation in Banff National Park, though the use of expensive animal underpasses and overpasses has improved the situation for many other species. Unfortunately, these did not save the wolves that were reintroduced into Banff National Park (Paquet 1993).
Conclusions
The species diversity at individual sites (beta diversity) in the vast montane boreal forest of the southern Cordillera is unexpectedly low compared with those of the ecosystems to the south. Only 3 species occur at all nine study sites out of the 1,037 taxa reported from them. Three hundred and twenty-five of these species (31%) were only recorded at one site. While 1,037 species represent a reasonable portion of the 2,993 taxa reported from all of British Columbia (DouglaS et al. 2002b) , the total number of species at a given site was found to be as little as 110 in east-central British Columbia. Thus the beta diversity is very low although the gamma and delta diversities are more normal. This is surprising considering the large numbers of species present in British Columbia.
Reasons for this limited colonization of the areas previously occupied by the Late Wisconsin glaciers include the problematic climate, the topography and limited access to potential source areas for new species. Fire has greatly complicated the process by wiping out many species from the burned areas, so that the process of re-invasion must begin again. Snow avalanches appear to temporarily increase species di-versity, but climatic changes undoubtedly cause large changes to the eastern and southern boundaries and to the biodiversity within the forest. Increased precipitation would greatly improve species diversity, both by permitting species to occupy larger areas, and by reducing fire frequency. The latter is greatly increased by the activities of Man. Logging is the most devastating effect of the land use by the European settlers. Altogether, about 30% of the known species of vascular plants are classified as being rare or endangered. Thus the future of the biodiversity of the vascular plants in this montane boreal forest is very precarious, and this will largely determine the fate of the other organisms that depend on these primary producers for food and shelter. The expansion of irrigated agriculture on the drier steppe-forest boundary of southern British Columbia is further diminishing the areas of natural vegetation. 
